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" 1 coaputer-^displayed 3-D tic-tac-toe gaae was used to 
inVesl^igate adult perceptual biases ^n dealing vith diagonal line - 
orientations. Also investigated was the interaction between prior 
sjpatial ability and the effects of explicit visual Modeling and 
struct^ured practice on perforaance. Besults indicated a strong 
selective difficulty in dealing, with 3-diaensional diagonals. Spatial 
ability interacted with explicitness of ihstruc^icn to produce 
differential effects that varied over trials. For higii spatials, 
explicit' Modeling facilitated in-itial perforaance, while structured ^ 
practice resulted in the aost^iaproveaent over trials. These results 
are 'discussed, in teras of instructional theory and iaplicatipns for , 
trait jc treataent research. (Author) . 
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It Is Increasingly cpmmon for cognitive theorists to assume 
an/lnttmate r<^1atlonshl p among the processes of perceiving, 
knowing/ and performing. The assumption 'that one ],,earns abgut the 
world by means of actions perfarmed upon it K central to many 
theories, of knowledge acqu 1 s'l t Pbn . Plaget (1971) sees the process 
as one of Internal i z fng actions and im-itations into corresponding 
Internal counterparts. Other theor 1 sts . (e. g. / Ols-on & "Bruner, ' 
igyitji see actions as serving to confront the learner with the 
rfei^vant - choices, in performi ng • , a task and thus provide^ the* 
ocfcaslon for the pickup of information pertinent to those choices. 
As Olson' .(e.g./ 1 976) has pointed out, tli i s -.1 nformat 1 on can be 
thought of as- being of two kinds: information about the world 
(which Ol son te'rms "knowledge") and 1 nformat ioh " about the actions 
themselves (VskMls"). While the same "knowledge" may be obtalYied 
from a wide variety of experiences, Olson suggests that "skills" 
may reflect the structure of the particular domain or medium 
through which learning takes place. ' ■ , ' 

This notion of "skills" Is conceptually- attractive, but 
requires* considerable elaboration/to be useful as a psychological 
construct. It is a plausible hypothesis that "spatial abil-lty" as 
measured by " paper and pencil 'tests reguirlng the mental 
manipulation of spatial layouts ahxi objects may reflect internal 
schematic operations of 'wide generality which may ht considered as 
in example of "skills" in Ol.son's^sense.- Sudh a view, finds 
considerable support from the literature on "mental -rotations 
(e.g./ Metzler & Shepard, 1 9 7J» ) , • part 1 ciiil arl y given the similarity- 
of *the tasks -employed In those exper iments wi th Items found, -on 
many tests purported to measure "spat 1 al I ty" . An understanding of 
the processes by which such' cognl^ t lye skills are cul-t i vated would 
be an -important component of a theory of instruction. 

Salomon (197'i) has Reported a series of experiments designed 
■ to test the hypothesis that -.specific' schematic operations 
corresponding to spatial manipulations of objects can be acqu'lred 
via exposure to analogous operations depicted in motion pictures. 
Salomon had eighth and ninth grade students view films or .slides 
de-picting such operations as "zoomlng-ln" on details and the 
layi/ig-out' of solid objects. Subjects * were' also pre-yand^ 
post-tested on rfel-evant aptitudes to determine the ef f ect-i.v^ness 
of* the treatments.' An add 1 1 i onal^hypothes 1 s" was that expl I c 1 tness, 
of presentation would i nteract^wi th aptitude scores such that 
Initially less skillful ch 1 1 dren woul d betnefit most from the 
explicit modeling while those already possessing relevant 
aptitudes would benefit most from oppor tun 1 1 1 es to activate 
• these' skills. .- This latter prjediction follows from the argument 
that the presentation of ready-made schematic' mediato,rs might 
interfere with the performance of learners who already posses-s 
'different but equally efficient med 1 ati^r S — and indeed/ cases have 
been found Ir^ which the pr'esentatlon of explicit , mediators has 
.resuJted in Interfe/ence (e . g. /.I Bruner^ 1961). |( ' ' 

n " -.To • test thi^. latter hypothesis/ Salomon presented the filmic 
oper^tlcpns at three levels of expl 1 c 1 tness : mpdgl joR/ short 
glrcult . and activation . l-n the^odel ing condition/ participants 
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vle*/ed* iPHms deplctlag the' gradual, zooml ng-i n on or laylng-oat of 
objects", and were thus exposed to the fully explicit operatians. 
\r\ the short - cl rcul t condltjbn^ slides were presented showing dniy 
the initial and terminal states of. , the operation. F i nail y/7 i n the 
activation condition/ only the initial sta.fe was' presented • albng 
with instructions to perform the operation. 

■Salomon-'s results strongly confirmed both hypotheses. The 
studies showed that at 1 east- tv^o ki nds of eovert sl<n]s can be 
successfully modeled .,from film. Moreover^ it was s.hown that 
learners -wjth low reVevan't ^titudes benefited most from such 
modeling and. that initially hi^h performers are actually hinder.ed. 
ThuS/ Sal omon \concl udes that ' - 

Educationally speakinfe/ what our studied hint at' is that 
certain mental 'sk i H s may be adopted" from communications 
media and thus be used to expand- one's range of. covert 
skills. The question^ then^ is not whether t^is is a 
"better" mode of instruction./ but Whether one can use J 
visual media not just to| acquire "knowledge that" but 
also ■"l<nowledge how to,"; pa>t i cul ar 1 y for those Learners 
who appeaX/to have d i f f i cu 1 ty,>«/i th other and more common 
tyijes of instruction. (197i»/ p. 511) 

The. present stiiidy w^s .intended^ in part/ to extend Salomon's 
trait 'by- treatment' effegt by manipulating explicitness of 
Instruction in a somewhat more complex, task situation. The task 
chosen for this purpose was a 3-dimensional t?i^-.tac- toe game 
played on a UxUxU pos i t i on cube-shaped "board" displayed as° a 
computer-generated image on a CRT screen. This^task was chosen 
tor two reasons. .Fi^st, it seemed llk,?ly that modelable 
pferceptual-schematic operations of the type discussed above Played 
an important role In the skilled performance of the task, ^ Under 

'the particular experimental conditions employed (descr 1 bed ^below),^. 
It Has hoped that subjects' performance would largely reflect th.e 
ability to perform such opera.tions. . ° ' 1 " ' 

^ The ' s-econd reason for choosing the 3-D tic-tac-toe ta^ . was 
that an interesting analogy can be drawn between it and the ta*ks 
employed' by Olson ( 1 970) in his well-known .'studies of - the , 

•acquisition of "diagonaljty" ?n children. In these studies, 01 sofv 
demonstrated and attempted , to account for the fact that yo^/rig 
children; at an age at which they seem to haVe 'no tr6u|»le 
"understanding" the concept of a, diagonal, nonetheless are , of<ten 
incapabl'e of^ copying a diagonal pattern of checl<ers frqm one 
checkerboard to another even when the pattern being fcppifed :is 
always availabte for their inspection. This, Is true despite . .th^ 

, fact that the same ch i 1 cfcren have no difficulty performing ^he task 
with vertical or hor i zbntaT^ pa tterns . ■ ■ 

The explanation for' this phenomenon offered by Olson foVlpws 
idirectly from the view that the acquisition of .the 'ski 1 Vs rfe.l e.vant 
to performance in a given domain, is a consequence of ^ perPprmatory 
attempts in that domain. It further follows that thfe* perceptual 

' skills one cultivates in a given performatory domain at^e biase.d by 
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the" actions that one performs. In the case of an organism which 
locomotes and maintains orientation' In the environment largely on 
the basis of visual Information, Olson argues that It Is 
reBsona'ble- to expect such invariant topological features as 

edgedness and proxim'lty £q exhibit perceptual pr I macy ^ over 
fea,tures like slant, which- do not maintain sj^mpld constancies 
under locomotion. < , * . , 

Applying these arguments to ^n analysis of the diagonal ity 
task, Olson postulates an ordering of difficulty, with verticals 
and' horizontals being easier than diagonals. This Is because 
dealing with the former Involves the use of such perceptually 
primary topological features as edgedness, proxi-ml ty .of .elements 
to each other, and paraVlelness to the* reference axis defined by 
the checkerboard. Deal 1 ng wi th d [agonal s, however, requires the 
use ot perceptually more compl-ex "euclidean" cu.es sudh as up and 
to the right," etc. ' ' j 

Returning now to the present experiment, it was reasoned that 
If Olson's analysis is cbrrect> then the sam^; ordering of 
difficulty as a function, .of 1 I ne orientation shoul^d ' be" man i f es t in 
the y-D tIc-tac-toe' task. Specifically, vertical and horizontal 
configurations should be, easiest, with diagonals mor.e difficult.. 
'Furthermore, the 3-D task allows a' further distinction' between 
"plane .diagonals" (i,e., those that He on a plane parallel to one 
of the sides of the playing cube), and "3-D d i agona 1 s' ^ .(those , 
which lie on no such plane)^ The latter orientations (of which'^ 
there were four In th^ game cube) are,,sq to speak^. the most 
diagonal' of all" In the sense of belnrg le'ast d i sc^i mi nabl e on the 
basis of topological cues, and shouVd therefore be even more 
difficult than the p.lane diagonals. , • ^ - ^ i-. ' 

Finally, It seemed plausible that, given ^ suitab y 
■unfaml 1 lar -performatory domain andean appropriate task, 3one shoul.d 
-be able to demonstrate the-^d I agonal I ty, effect even, using nor.mal 
adult subjects. This requirement for unf ami 1. 1 ar 1 ty accounts for 
our decision to employ the 3-D computer graphics display in the 

experiment ^ \ . ^ ^ r\ \ 

In summary, the hypotheses of the experiments were that u;, 
expllcltness of Instruction would I nteract wi th. prior relevant 
spatialabil f-ties such that Initially lower-scoring subj e,cts woul d 
benefit most from explicit visual modeling, and higher spa^tials 
from an opportunity f6r appropri3tel y structured .practi ce; and ( 2 ) 
tast performance would reflect an ordering of difficulty basedon 
orientation, wi-ti^ hor 1 zonta 1 , and vertical" configurations being 
easiest, plane UTtegonals Intermediate, and 3-D diagonals, most 
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Performance Tas'k • , . ' , i , 

. The version o'f tlc-tac-toe used as the experimental task was 

played on a cube-shaped "board" with each edge of the cube being 
.four marker locations l^ng. Thus, play took pJace within a kxkxk 
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matrix of posUlons where "X's" or '^O's" could be placed--yi^l dl ng 
a total of 6U play positions. The rules of the game are^ bas i cal 1 y- 
similar- to those 'of standard tlc-tac-toe, Ue., the goal Is to 
'place" four • markers * In a straight line In* any direction while 
preventing the opponent from jdolng the same. . * , 

> The playing cube was presented on a computer-driven C.R.T. 
screfen as a < 2-dimenslonal ' p>*oj*ect 1 pn • . .Each of the 6U 
play-posl t lons> .was represented as a small dot/ any one of wH?] ch 
could be selected by the player by means^of a'l<ight pen. Since 
the 2-D Ima&e represented a parallel proj.ection of the 3-D^cube 
and np perspective or othe^f such cues to depth were available^ the 
Image was completely ambiguous as to fron*t an(J backhand Isomeric 
Neck^r, cube-type reversals were possible^.'^ Neverthel ess^ ' the 
displ^ay produced a strong IVluslon of depth--an effect which was 
enhanced even further by the flayers' ability to' rotate the image. . 
This rotation w^s prodi^ced by a spr I ng-3oaded =*'joyst i<rk' .» which 
could.be moved J n twt) directions/ controlling the rate of fro tat ip.n ^ 
6f the Image on , the screen around both the vertical^ (Y) and 
horizontal ' (X) axes* * Moving the ' joystick to the leftT*- or righf 
produced^ a coVrespond i ng rot^t i on, around the Y axis and movfng it 
foreward or^ backward caused a slmllair rotatidn around X. When the 
'handle was In. the neutral center position the , Image 'was 
motionless. The- ^computer' d 1 spl ay was" updated at. a rate^ of 
frames/sec thus producing a smooth/ real-time display with no 
percept lb>e ^ control lag. The Image could be rotated 360^degrees 
around the, Y axlS/ but 1n Ofder to maintain -a/ definite up/down 
direction In the image space/ .th^ -X rotation wa^. limited to plus 
'or -minus 27 degrees. Typical game' d-1 si^l ays areS^ 1 1 1 us t ra ted In 

.Fl gure T . ' ' V * ^ " ' * 

To obtain the performance ;me^sur-^S/. -the computer served as 
the OBponent/ using a purely 'defenslve"'strategy. Specifically/ 

searched the board' for^a vector-of- three of 
e./ a win) and foe vectors-of- three of the 
fprced block)/ If^these were not found, the 
for several key second-order. patterns,, suchy 
of ' two ^ vectors-of-two (Indicating a forced win 
, 'if none of these -simple patterns was found, 
the move 4vas selected on^ a .random basis, ^hus insuring that the 
occurrence pf each win-vector wgs equally likely. 

Despite the random nature of the algorithm's 9f fens i ve. game/ 
the .defense is'extremely ef f e'ct i ve 'and ^hen playing against the 
typical ^ opponent-/^ the^ machine wins yirtualjly every game. ThuS/ 
the. measure of Jnter^st is. not the number of games won, but 
rather/ 'the number of moves until loss and the orientation in the* 
image space of the computer wiii-vectors . It,.ls argued that given 
the, random nature^of the computer-'s strategy/, any systematic bias 
toward some ,orlentatl6n -would ^ evidence for the relative 
difficulty 1 n dealj ng' wi th vectors-of- three i h ':those or 1 en ta t i ons . 



'the algorlthm^^ first 
I ts own mar^^rs^ ( 1 • 
player'^s "markers -"Ca 
search was coivtlnued, 
.as the Intersection 
in two moves)/ etc, 



Apparati^^ 

V^i^th the ' 
experiment was, 



except 1 on 
p-resen ted 



of the spatial Ity pretest/ the entire 
and , qontrolVecl ' by ' an ^ ADAGE ^AGT-30 
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computer graphics - terminal e-qiilpped with hardware character 'and 
.vector generators, anal.ogv to-dl^I tal converters, and .a hybrid 
array which allows three-dimensional graphic Images to 'be 
displayed In real time as 2-D projections on the 20 X. 20 Inch 
vector scan C.^-.T. screen. Subjects I n teracted wi th thq Computer 
J4slng the joystick and a bank of push-button switches used to make 
various" respoQ'ses, . ' ' » * ^. 

Spatial I tv- '. Measure ' . ' . ' 

, For use. I n tes tl ng. the Individual differente hypothesis,: a 
measure of th| . part-l cl pants ' ability to imagine '^3-dlmens i onal . 
spatial rotations was obtained using the Space' Relations test 
(Form A) of the Differential Aptitude Test btttery (Bennett, 
Seashore'/ and VJfesman/ .19U7). The, test Is a paper .and pencil 
Instrument and ^rtvo^ves thfe mental unfolding 'of abstract 
3-dimensIonal objects, the standard time -Vimit of ZS minutes was 
Imposed and the score used was number right mi nils number;^ wrong. 
Maiximum possible score was 100. ' ' 

■ ■ ■ ' 

Sub i ectS • ' . 

The -subjects v;ere 5k male undergraduate students at - The 
Pennsylvania* State Uni.v^ers I ty. All part i ql.pan ts were enrolled In 
introductory, psychology br educat i ona.l .psychql ogy courses. While 
participation was voluntary/ most rece-Ived course cfcedit for their 
•participation.. None had previous 'experience in • similar 
experiments and all were naive as 'to the purposes of the 
experiment. •' . , , , ' ' r 

Only mal p subjects were used In .order to avoid, confounding 
spatial ablllty^wlth other sex-lJnked differenced which v^uld be 
Sexpected to correlate . with that measure (Boqk, ' 1 973;' Garron, 
1970). In order to Insure a* neanly equal distribution of spatial 
ability scores In- the three treatment - cond i tJpns-V the subjectsr 
were bl'ocl<dd Into thr'ee 1 evel s 'of spatiallty b;ased on th6 space' 
relations pretest.. The cutoff scores for the f Igh and low spatiaT" 
&rQJd[fs were 68. and' 56 points^ r.espect i yel y. Within the three 



levels/ subjects were assigned randomly to treatrtient groups. 



Procedure • ' • • f • r ^ 

Participation In the -^xperimqnt consisted of. two* sessions 
separated b/ at least one'day; J n the f Irs t'^ sess i qo/ participants 
were administered the Sp,ace ReVSTi ons'^est In accordance -wI th the 
standardized Instructions and procedures (Bennett/ Seashore; anS^ 
Wesman/ l-9tt7). Subjects", were Initially toljj' only that the 
.exper>m'ent concerns^ certain aspects of human probl em- sol vl ng arVd 
that th'ey were about 'to be'glven a, measure of their ability to 
visual ize objects. ^ In ' space". The test - was administered 
Individually or -In small grou<ps., • a • • . 

• The second session of the exper Iment-^jvas run oafline at the 
ADAGE term-lnal. The subject was seated at the compCffer console, 
facing the C^R.T. wlth the joystick'to hi-i .rig|it and the bank of 
push-buttons - to. hts '.left. He was told only^to read the .text 
presented on 'the screen--an ^further Instructions were presented^ 
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• on the screen and read silently by the subject. The experimenter 
was seated behind -the subject and was. available -to answer 

. questions' throughout the session.'. A complete' text of the en-tlre 
experimental procedure" may be obtained by writing the first 

' author . , ' . ' ' .* 

.• The» first frame " explal ned that the particl pantr- would soon 
•challenge the computer In a "visual game" but that he must first 
famuMarlze himself with the controls. When he finished reading 
• " the .frame he; profceeded by pressing one ^f the buttotrs. Subjects > 
.In all conditions were then given two f amTl 1 a r 1 za^ 1 cm tasks. The 
. first consisted of playing against the. computer in three games of 
■ cbn-ventlonal (2-D^. t i;c-tac-toe . This task was intended to give 
practice In the- use of £he light pen and- the general ''procedures of 

• the ^me. , in ^he second familiarization task/ subje^cts .were 
. presented with the cubical "board" on which, they would' play 3-D' 

tfc-tac-toe and" were allowed to practice rotating it using 'the 
joystick; thus providing exposure tp the ambiguities of the 
non-perspective/ parallel projection of t^fe cube. • 

In order to Insure fhat- any treatme,nt effects were actually 
'due to perceptual learning and'not merely to verbal rule learning/ 
the subject was then presented with a series of frames containing- 
deffnltlons of eaqh . poss i bl e line orientation followed by a rule 
..for searching for ea,ch'. To Insure acquisition of this 
information/*' the presentati on 'was, fol lowed by five frames which 
comprise'd a mu.ltiple choice tesf^^of comprehension of the rules 
just .presfejited. Each frame presented a. definition and the, subject 
was requlVed to' Indi-cate which line of^entatidn It described. 
"."Response -was " made by pushing one qf the' push-buttons. If the 
-subject did not receive a criterion score of four bf the five 
questions correct/ the. instructional sequence was repeated up' to 
thrfee tlme%/ at v>(hiah point the experimenter intervened to clarify 
•the definitions. When criterion, was reathed/ the prt>gram 
proceeded to one of the three e;<per 1 mental treatments. 

- Model 1 ng Group . The subjects assigned to the. modeling 
condlvtlon vere presented with a frame telling them that they were 
to Watch as various Incomplete Hne orientations were pointed oQt 
and "completed. They were reminded to attend to each of the four 
possible or lentati9ns. TheTwere tjien pres.entSd with a ser.ies of 
2U patterns representing game sl!tuatlon« on the 3-D tlc-tac-toe 
"board. Each pattern contained a vector of three X's in one'of the 
four/ orientations and "several other randomly placed X s and 0 s. 
As 'the subject watched/ th^ image was rotated to provTde various 
views of- "the board. Affer the rotat'ions/ the three . X- s that 
comprised the Incomplete wla-vector were brightened .successively- 
in ordpr 1 to "po 1 nt vout ^^he vector. Finally/ the -missing X was 
Inserted and blinked * seVeral 'times. Th?, entire sequence took 
approximately 20 seconds ^ and was repeatei-d for, each of the^ Ih 
patterns. • ' . . 

' ' \ • Practice " Group . Subjects in the practice conditibn were 

presented with the' same set of 2k game situations ^s the modeling 

ERIC ' .. . , - ^ 
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grbup; but Instead of watching a prepr©grammed sequence they were 
required to attempt to locate the wiri-vectors by pointing, to the 
appropriate square wl t|i the light pen* The subject was^free tOi 
control 'the position of the boa/d u^I'ng the joystick. ' Correct 
choice's resulted. In the- X, marker being placed and th.e message' 
."RIGHT!!1" appearing at the top of the 'screen. An/ Inco/rect* 
.response was noted with an' audible signal and the message 
"WRONG! If the, correct response was not rrtade^ in approximately 

nine sedonds/ the n^arker v/as Inserted and flashed several times 
and/ after a brief pause, the ne)^t pattern, was presented/. 

ControV Group , The control condi.tion was desJLgned to provide 
*a period of Interaction with the computer without exposure to^the 
ti^c-taq-to6 g.ame. It consisted of a' "bouncing ball" game whicK 
Involved aiming a ball at various targets . us i ng the joystick. 
Each control subje.ct shot 32 balls whicFT^took roughly the same 
amount of time as the two experimental ,condi Lions j[about nine 
ml ny tes ) . * . ■ * ' 

Performance Measure ' > - 

Immediately after the treatment tasks, all subjects *were 
given a performance measure^cons I s t I ng of ^eleven full games of 3-D 
tic-tac-toe with the computer-as. opponent. The player controlled 
board pdsl^tlon. wl.th the joystick and Indicated moves" wi tb the 
ligtit pen. Tn the Instruction frame preceding the first game, the 
player was told that. the computer played very well and. that he was 
not expected to win, but rather tp pl-ay ^ def ensi vel y and to "hold 
out 'as long as possible." These Instructions were Intended to 
minimize variability due to attempts at offensive strategies and 
focus subjects' attention on searching for and blocking the* 
computer's vectors-of- three. , When it was the player s turn to 
move, the message "YOUR MOVE..." appea^^red at the top left of the 
screen. After ten seconds, if no move ^had been made the message 
began to blink as a prompt- to move Immediately. .After the subject 
selected his move using the light pen, there wa^a brief pause 
followed by the placement of^^the computer's marker. ^ 

At the start of egch .game, the image was positioned in a 
^slightly rotated position which afforded a good view of the board.^ 
In each game^ the subject made the first move. The game ^was 
terminated when either the player or. the machine comp.leted a 
vector-of-four. When this happened, a blinking line was drawn 
through the vector and ^ after a pause of approximately five 
seconds, the board was cleared and the next game began. In the 
even^that the*player won a game, an extr^i g'ame was played and the 
data from t-he won game was excluded from the analysis. Of the*597 
games played, only three were' lost by the computer. No subject 
won more than one game. , ' ^et 

Two treasures were obtained for each subject. The rirst 
consisted "of ^ a count of the ?iumber of' subject moves ' until each 
game was. -^ost. « The second score obtained was designed as an 
"index ' of' diagonality" and was meant to reflect the degree *to 
which 'the orientations of ..e^pu^ter wI n-vectors (I.e., subject 
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loss-vectors) were biased In favor of diagonals. Since the 
expectbd proportion of losses In e-?cb orientation -given random 
moves Is assumed to. be a function of the number of possible 
wln-vec/tors in that orientation, it is necessary that such ^an 
ind^x adjust for thase probab i 1 i t i es\ Also, since the 
experimental .hypotheses predict a d i sproporTi onatel y high number 
of 2-D and especially 3-D diagonal losses, it would also be 
desirable for the index, to reflect those predictions 1-n 
differential weightings. ; In order to meet these two critera, the 
foTlowing formula wSs qsed to produce the diagonal ity index: 
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nrtPn4:atI'on ,,of l.osS-V gctor g . \ ^. 

The obtained proportion of loss-vectors in each orientatiqn 
averaged across all subjects were as follows: vert . cal 1 , 
hor>2onta1--.A7, plane d 1 agonal --. 3i; 3-D dlagona --.50 In 
Figure 2 th^epro,?ortiohs are compared with those ' wh . ch -would be 
'expected frL random pldy. Fully h'alf of the Tosses occurred on 
I'S dlagon^. vectors, as compared with an expected proportion of 
05, while hr f^wer losses than expected occurred In vertical and 
ho Izontal /vectors. ■ A chj-square test J^J-I!" ^^/^^^qqI ) 
predicted /prop9rtlbns was high y significant -2'»03, ^ ; 
Thus, th^ ' hypo}:>eHs that players wopld find 3-D diagonals 
partlculafly/ difficult was strongly confirmed. ■ ' ' - 

^To determine the effects of the treatment ^^o^dl-t ions and of 
oractlce of> the loss-vectoi; orientations, t>ie Index of 
d IgJnatlt^^V described In tht previous section was .computed fo 
each subj^c/t. These data were then subj,ected to a 3^3^2 
rtreatment's/ x spatial ability levels x blocks of trials) m.^ed 
analysis / ^f variance with trials as a random factor, a. The f rst 
factor, /t/eatments,^ was comprised of three levels: P--?cti^e P), 
model Ing/ rfi)/, and con.trol (C); the second factor, fP^^ ' al abll i ty, 
had th^e;4 /evels: high spatlals (HI), medl.um spatlals (MEO), and 



Lucgs & Dl Vesta •.. - -9t- Dlagona.llty In^AduUs 



low spatlals (LO). The third factor^ Mo .cks of trials, had .two" 
1-evels: first five trials (1st) and se^ffd five trials (2nd). A 
table of means and standard 'dev i^t ions of each cell is presented 
In the appenjdix. i, . . '. * 

The analysis, summarized- in Table 1/ yielded no significant 
differences in the .diagonal Ity score across, any of the three 
factors, of the' design and no signific*ant interactions. These 
results suggest that; whatever the aa'ture of the difficulty ■ in. 
deaUng with 3-D diagonals, i t .was apparently not affected by the 
experimental, treatments, nor. did players' skill in this respect 
appear to i-mprove with practice. I't also appears that the 
difficulty Is shared more or less equa'lly by players with 
different sj)at i aV abll i ty * scores . These results should, however,, 
"be interpreted with caution sinceT- given the relatively smaTl 
number of subjects and . games pi ayed as well as the relatively low 
Intensity of the^^exper imental treatments, the study probably lacks 
the power to justify confidence in negative resalts. This caution 
applies especially to the spatiality factor since the £ test on 
this factor approached significance (£(^5) = 2,.65, q. < .08). 

' Number of Mo^i/es . ' . ' 

V ' .The average number of- moves made bv each player prior, to loss 
was 'computed for the first and second half of ttie trials. The^e 
data wer^ analyzed using a 5x3x2 mixed analysis of variance with 
all fa,ctors the .same as I n the ..di agonal I ty score analysis!- 

The results of^the a-nalys,is, presented in Talkie 2, indicate 
the presence of a triple interaction among treatments, spatial 
ability* and trials,' £(i»,i»5) 2.80, £ < .OS. The data were 
therefore resubmitted for separate tv^o-faqtor analyses atf each 
treatment and at each level of spa^tial ability In order to 
^determine the Vspeclfic loci of differences. Since there was no 
fevldence for non-add i t i v I ty in. the data,, the, appropriate, mean 
square values from the complete design .were used as -the error 
terms' In each of the analyses. ° 

Jreatments^^^^^ of_the 3x2 (levels of spatial ability- x trials) 
'analysis of variance for each treatment condltic^.is presented in- 
Table, 3. Results at each level will -be presented and discussed 

separately. ' i . v j • * 

Modpl Ing Group . The results of the analysis. of the data of 
the modeling /group show a significant Interaction between spatial 
Jbility and blocks of triajs.' Jhe cell means for each level of 
the Interactioih were analyzed by the Newmail-Keu[s test . 

The results of this analysis, presented in Table -U,^ reveal 
that at this treatment level slgnlftcfant effects were limit.ed -to 
the high spatial subjects. This gro,up showed an Fnitial advantage 
over both, middle and low spbtials, but their performance was 
significantly lower In the second bJdck of trials where ttte 
difference between groups disappears. ■ " . 

This result suggests, that> contrary to the prediction made 
based upon Salomon's (197l») 1 nternal i ze^i mediators l\yppthesis. 
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high spatial subjects did benefit at leaS't Initially f nonKexplI cl t 
model Inlg/ but that the ef f ec t\weakened over^trlals, perhaps\as the 
subjects began to revert to Id 1 psi^ncrat 1 c strategies Incompatible 
with those modeled. - , 

Practice Group , Since the^ -spatial ability x blo'^ 
Interactlc^n was not significant for the practice group (Table 3)^.^ 
Newmar^Keuls analyses were performed on the simple main means. 
The results of these ana 1 yses/ presented in Table 5, indicate only 
a', s^perlor^lty of medium and h 1 gh . spat 1 a 1 s over the low spatial 
group. , While \an *examlnati^on o,f the^means (see the appendix*) 
suggests an interaction in the opposite direction af that in. the 
modeli.ng group, this effect did rrot ^ reach 'statistiGal 
significance* . ^ 

Control prrouo . The two-way analysis of 'variance on the 
control group data revealed no spatial ability .trials 
interaction so ,a Hewman--Kau1 sf follow up w^s performed >yOn the 
simple main means. The results/ presented in Table 5/ sho\fe that 
the medium spatlals performed better than either the high or the 
low 'spatial "^grog'ps. ThM s finding • was unexpected and an 
interpretation is not obvious. ^ ' 

Levels of 'Soatlal Afel 1 I tv . . 

Jo determine the presen.ce of double Interactions across, 
treatments^ 'separate two-way anal yses of, variaace^were performed 
at each. level of spatial abljlty. A suq^mary of these analyses is 
presented in Table 6. The tworway *l nteract i on 'was s^igplflcant 
only for the h.1 gh .spat I a1 s'/. thus a Howl ng NewTOan»r^eu1 s tes-ts to be 

. perfdcjued on, s I nip! e, ma Tn means for the Vow and medium spatiaTs. 
These tests showed no s J-^^Tf i C3nt, dl f f erehces between. tr6atmentsv 

'or trials at either the' l^ljpr -med'l um 1 eve! • oi= spat i a1 ability. A 
table of these means and^lPandard de>ialions 1^ presented in the 
appendix." ' n% • . • 

Since the treatment ^X trials Interaction was significant for 
the hlgh^patlal 'group, .-the Newman-Keuls procedure- wai- appil ed to 
the ceil means on these data. The result's of ' t^is^^anal i^s i s are 
presented In'Table 7. The means, have also been ted In Figure 

^* The analysis I nd I cated *that the >l nteract 1 on Is pr imar 11 y due^' 
to significant .differences among the treatment , groups;,; >:g^ the 

'Initial block" of trials/ with the"" model 1 ng groups" p-^rrorm I ng 
significantly, better than^ both . the practicfi.-, and* the- control 
groups. - This finding wou.l d seem d^rectrly contrary: to the 
prfedlctlons madp/ on the .bias i s of the Salomon's (197U) study. 
However/ sn analysis of the graph of the model Fng and practice 
means revealed a dlsordl nil- interaction across trials with the 
orderHig ' of the^e two means reversed in the second b.locl<. ^ T-here 

"was "both a significant ' Improvement In the prac:tlce group s 
performance and a significant decline in the modeling group s 
scores .(although the termi na 1 'd.l f f erences betweerf groups did 'not 
Vfeach Significance). This resu 1 t— together wjth th^ previously 

^described interactions between trials apd, ^patsial ability in ,the 
modeling cond 1 tloh--suggest at . least tentatively . that •♦the 
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treatment , condition? Interacted, with sp*atia> abiljty In 
determining how thf^e playe/s were able to- benefit * from the 
experience of actually playing the game., ThuS/ If one considers 
the- vai^ous'"* treatment effects In terms of subjegts*' ability-^ to 
fefenefJt' from practice (rgther^ t%an Ipitlat performance)^^ the 
results are general 1 y -support I ve of Salomon'^s flhdings. 



• ; DISCUSSION ' 

The V'esuYts %of 'the /present study are of Interest/on a't - least 
three, levels. First, fene demonstration, of 'diagon&l In adul ts 
supports the reasonlngibehlnd 01son*s (1 970) proposed orderln-gof 
difflcalty In dealing wlt}i various line orientations and confirms 
the tlc-tac-toe « task as an interesting and potentially useful 
experimental task. S^econd, ^the/resglts of the experimental 
manipulation/ while not clear cut, provide at least tentative 
support to Salomon's (197ii) finding that strategies for dealing 
with measured prior spatial manipulations can be internalized 
through visual modeling, and that the explicitness of the modeled 
display Interacts wjth spatial ability. Finally, the patterns of 
Interaction found In the;'data are of considerable methodological^ 
ln1:erest to the , researcher engaged. In the 'study of phenomena 
Involving tral t-by-treatment Interactions. Each^of these. Issues 
will be discussed In turn. • ' \" 

Diagonal Itv 'and the Adult Performer. ( 

> The pronounced difficulty that ihe aduTt subjects ,rn the 
present' stud/ had. In detecting and blo>sJklng^ loss-vectoj:s^ which 
were oriented as 3-D diagonals strikingly resembles the difficulty 
encoun^tered :by Olson's (1970) four-year-olds In /the analogous 2-D 
tay<. If one assumes that college undergraduateB should haye no 
difficulty In conceptualizing a 3-D diagonal (ary assumpt 1 on whl'ch 
was* corroborated 6y ^ach subject's successful performance in the 
pretes% Involving- the ,defl nl tton of each 1 Ine orientation), then 
this" result strongly supports the contention that -thB difficulty 
Is perceptual, not conceptual In nature; .I.e., the source of the 
subjects' difficulties With the diagonals v/as not a lack of 
adequate -conceptualization of what to 'look for, but rather some 
difficulty^ In executing the appropriate visual ^search which would 
lead %o the apprehension of the critical information to^peclfy 
the Impending loss and thus to allow^the appropriate ^blockl^ig 
mov^. . ' \ 

Whatever the specific nature of this difficulty. It was not 
remedied merely by I ncreas i ng f ami 1 J ar 1 ty^ wi th the task or with 
the' kinds" of I ns truct Ion at tempted ^ 1 n this study. While both 
practice end the Instructional treatment^ significantly ^altered 
scores based on th6 number of moves until loss, both factors 
shpwed a striking lack of effect on the diagonal Ity s'coires, with 
means across these factors being vlrtualli^ equal. hi fact, the 
only factor .^1^ a ted to the effects of diagonal Ity on performance^ 
was spatlalfpfbl 1 I ty, and even here, the differences failed to 
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reach statistical significance. 

Ij^tPractlon Between Soatlal . ^txl 1 1 tv sni ExpI Ig.l tn'g?s • of ^ 
.Instruction f ' ■ . ^ 

^ The complexity of the /obta 1 ned Interactions - in , the' game 

length data and the posjt-ihoc nature of the 1 nterpretati on 'of them 
necessarily • equivocates conclusions drawn conc^ernlng the 
hy.potheslzed spatfallty by expllcltness Interaction. . If/ however/ 
. one tentatively accepts the Interpretation (further elaborated In . 
' the next \sectlon) that the anomalous pattern of results^ In the 
ecfrly ',trlal s* was a product of the rather extrWie unf ami 1 lar.l ty of ' 
the subjects with both the computer g^raph 1 cs " medl um and with the 
experimental task/ then the "re'sul ts may cautiously be considered . 
as a partial replication and /e'xtenslpn of Salomon's (197V0 
demonstration of the Internalization^ of. schematic cpdes or , 

* strategies via. modeling from>a visual^ display. 

In the present study/ ,as In Salomon-.' S/ It was found 'that/ at 
least In the latter trlalS/ subjects with an Initially high level 
Jvf ^ relevant ability ( 1 .e. / -spatl al 1 ty) were able to benefit frbm 
/•a non-specific "activation" d I spl ay/ .whereas they e.xperlenced 
^ Interference In' t,he' more • spec 1 f 1 c modeling of a .parrlcular 
st-rategy. The effect Is less clear for the other two levels of 
spatial ability/ both because of an apparent floor effect for the 
^ • low spatl^Is and of 'partially conflicting s Ign If i-cance tests on 
simple effeots--probably dDe to lack of power. It Is/^wever/ at 
least reasonably clear that the-medlum spatials benefited more 
•from the explicit modeling than from»the u^istructured practice. 

•It should be noted that the greater complexity of the present/, 
task/ compared-"wl th that used by Salomon/, a 1 Lows a correspondingly 
greater confidence In the applicability af the results 
real-world • educational questions. The price that is paid. Is that ^ 
l-t Is somewhat less dear exactl y' what, was Ijiterpal 1 zed from ^he . 
.Instructional "displays. While further research Is ' qlprly 
■ Indlcatecl here/ a carefuj analysis of the present , s tudy can be' of 
some help In this regard. The most obvious posslbiTlty Is that 
the subjec-ts merely learned. more about the 3--D tlc-tac-toe game. 

• WhlW some amount of this kind of learning must' surely have taken 
p^lace' this alone' Is cl early" 1 nadequate to acfcount for the data' 
since' It does not expHaln the marked decrement In 'perf^w^ce 

- across trials experienced by the>lgh spatials under the explicit 
mddel'lng condition. Much the same case; could be made against the 
possibility that 1 1 was" a stra 1 ghffor ward ga i n In familiarity 
with the computer graphics medium w.hlch elicited the improvement. 
This Is supported by the fact that In post-expe'r imental interviews 
very few' of the subjects reported any f am.l 1 1 ar 1 ty. wi th computer 
displays of the kind use?J In the study and/ In particular/ there 
Is-no evidence that subjects in^the 'three, spatlallty levels, 
differed In this cespect. ' '. , . , ^ • 

Whatever the nature of the Internalized information it^ is 
falrTy clear from the differential nature of the effects that/ to 
use flJiSon's (1^72) terms/ It was more 1 1 ke a 'skill' or str^ategy ^ 
than •knowledge'; We./ it Is n6t likely that . th.e'^el-formance 

u 
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differences re*-1 eTted variations In how much the subjeats "knew" 
about 3-D' tic- ra^- toe In the sense of explicit, verbal liable facts 
•or characteristics of the game. Nprjs It the case that what .was 
learned In the modeling condlUon was' 1 nf ormatl on that combined 
addltlvely to Improve performance, since lr~H«d apposite effects 
u\th medium" and high spatlals. "Rather, It seems more likely that 
what was 1 n ternal 1 ?.ed ■ from the display ^represented covert, 
schematic "Operations that were useful In performing the task In 
the ra.ther - unfamiliar computer graphics njedlum. The precise 
nature ' of these operations remains unclear, but two obvious 
candtdafes are (1) a systematic scanning of the various potential 
loss-vector orientations on the board; and (2) . a "perspective 
shl fting"' operation In which the board was ■ cons 1 dered from several 
orientations, perhaps by' means of a "mental rotation type of 
operation. Both >of these operations were explicitly modeled In 
the modeling display. - - ... •' v 

Moreover, If these ■ v ope rat Tons are considered as optional 
means to a common end (I.e., as strategies), rather than as 
essential components of a skilled performance, then the 
Interference effects observed with the high spatlals seems less 
anomalous. These subjects might be expected to bring with them to 
the 'task some fairly we 11 -devel oped strategl es <pr dealing with 
similar situations (Indeed, rhls may be what It mean?, to be high 
spatial" In the/present cohteitt). If the particular strategies 
presented In the Instruction were s 1 gn 1. f I cantl y different from, 
these Idlpsyncratlcal.ly developed but perhaps equally efficient 
approaches^ to the task, then Interference could b^ expected. The 
performance decrement over trials might reflect* an Initial^ 
successi^ul , application of the modeled , strategies, followed by a. 
partial reversion to the subject's preferred (and conflicting) 
strategies. With further practice, this conflict would na doubt 
have been resolved, jttws reversing the intej-f erence effect. 

We might also consider these results with respect to the 
develobment of a theory of instruction. To the extent that such a 
theory would -be expected to prescribe the optimal Instructional 
means for a 'given learner at a gHen level of progress, ^ the 
present study I s of significance. It* .suggests that in tailoring 
Instruction to the Individual learner,, the cr uci a l^actor riiay not 
be Individual differences in overall level of achievement U.e., 
mastery of content material), but rather, the particular range of 
mental skills that the learner has acquired In relation^ to the 
reauirements of a given class of performance. As Olson /e.g., 
i 1976) has argued forcefully. It may be that the range of such 
mental skills that are 'devel oped in the course of forma schooling 
mav be of greater ultimate consequence than- the particular content 
that' Is taught. It Is In these matters that the study of 
"individual ^fferences may prove to have the greatest ultimate 
.Impact on Instructional practice. 
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The Role of Practice Effects Iq Tra 1 t-bv- Treatment Re?e9rch ^ 

Perhaps the most clearly 1 nterpretabl e and Immediately 
significant result of the present study does not relate directly 
to the initial experimental hypotheses. The particular pattern of 
Interactions obtained 'in the .data aVe of unTque-interest to the . 
researcher .engaged in research Involving tral t-by-treatment 
Interactions. ^ . ^ ♦ ^ , 

Delplte an Itvltlal enthusiasm and contir>ued high level of 
Interest in resea\rch '-problems involving (the ^predictions of 
tral t-by'-treatment Interactions since Cronbach's (1 957) 
Influential" paper^ the net yielgTof the enterprise in t-erms of. 

'Interesting and useful data has been disappointing (see Cronbach & 
SnoW/ 1975). Various reasons have been put forth. for this lack of 

• success. Cronbach and -Snow ( 1 975 ) ^attr i bute it primarily to naive 
experimental 'designs^ small sample sizesy and inappropriate 

^statistical procedures! DlVesta (1973^ 19?5) has imp! i cated an 

*lnadequ^te consideration- of intervening . cognitive processes 
employed by learners; and a lacl< of sufficiently rigorous 
theoretPcal -bases for 'experimental^ work. The outcome of the 
present; study suggests yet another- pitfall which may be 
encountered in such research. The pattern of mea-ns across trials 
strongly--5^ggest that practice effects had^a profound Influence on 
the ways in which the experimental treatments- Interacted with 

spatial ability. - , ^ . . u i v.-^i^ 

More'speclf ically/ the 1 nteract 1 ons. found in the early trials 
were very nearly the reverse of those predicted on theoretical, 
grounds. The high spatials, in partljjular, performed best Jn the 
modeling cond Ijt i on — the one in which they hhd been expected^ to 
experience interference.' On the second block, however, th s 
pitterh was 'reversed^ and their performance level actual liO 
decre^ased with the additional practice. Apparently, the povelty 
of the task and/or the performatory medium had the effect or 
Increasing th'e spatial ity deman^s^of the task and thfeis effectively 
putting our high spatial subjects in the position that lower 
spatials • would- otherwise have faced, and producing an extreme 
floor effect for the other groups. Once the sub/ects had 
acclimated' themselves to- the experimental task, these effects 
disappeared and 'something, closer to the expected results was 

° ^^'rlewell (1 973) has made a case that, given the current state 
of theory in cognitive psychology, the prevailing Practice -o-f. 
a.dmlnlsterlng a large number. of practice tr i al s f or wh i ch the data 
are never analyzed or often even recorded is IH-advised. It is 
often the case, that the adoption of a s i ngle strategy fnd the 
achievement of a stable level of performance on a task IS a 
process that takes a considerable amount of time-and may o[ten be 
of at least as much Interest as the final state itself. In ^ the 
prestent' case, a' large number of pract4ce trials would have 
obscured an Interesting aspect of ""the data. Even worse,- f- the 
data had been collapsed across trials, the interactions would have 
cancelteli/ giving the appearance of no treatment ^Ifects at all. 
It Is' suggested that similar effects are a potent-lbl source of 
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^pfoblems • In many t rai t-by-t reatmeht detslgn.s. and should be guarded 
against by destghltig* experiments sufch that practice and other 
task-accl Ima4:Ion effects can be expll^cltly examined. ^ ' . 




ERIC 



Lucas & 01 Vesta j -16- Di agonaU|t^' tn Adults 

. V ' * - REFERENCES . 

t 

Bennett, G. K./Veashore, H. G., & Wesman, A. 6; Spagg relations 
test (Form A). Ihe differential asti tude test?. New Yo^k: ' 
^ ■■ ' The Psychological Corporation, 191*7. • /, 

Bock/ R. D. & Koiakowsklf D. Further evidence of ■ sej<-1 1 nked major 
\ gene Influences on human spatial' visualizing ability. 

' American Journal, of Human Genetics, 1 973, 21, 1-U.- , ,^ ^ 

Bruner/ 0. S. The act of discovery. Harvard Education RevigW / 
'■1961, 11, ltO-52.. ' , ' 

Cronbach, L.- J. The'twb dl sc 1 pi 1 nes .of sclentifl c psychology^ 
American Psychologist s. 1 957, H, 671-681*./ 

Cronbach/ L. J. & Snow,-R. E. Aptitudes and Instr uctional 

methods ; A handbook for; research on Interactions. New 
'„ ■ York: Irvlngton Publishers/ ;1 975. • , , . 

*DM Vesta/ F. J. Theory and measures of Individual differences In 
C * , studies of traltf. by-treatment' Interactions. Educational/ 

' PgvrholQglst : 1973/ Ifi/ 67-75: ] 

lil Ves^ta/ F. J. Trait-treatment interactions, cognitive ' - 
processed, and research on cbmmunl cation media. M', 
^nmmunication Review , 1975/ ii; 185-196. 

Garron, D. C. Sex-linked, recesslv^ inheritance of spatial and 
numerical abiltles, and Turner's syndrome. Psychological 
Review , 1.970, 7I,'U7-252.. 

Metzler, J. & Shepard/ R. Transf orniat 1 onal studies of the 

internal representation of thr.ee-dlmenslonal objects. In R. 
• L. Solso (Ed.)', Theories in rognltlve psvchology; Tha jomla 

gvofposlum . New York: .Wiley, J97it. , 

Newell, A. You can't 'play twenty questions with nature and win: 
Projective comments of the papers In this symposium. in W. 
• r^,oco rPH.K Vt<;.ia1 information processin g. New York: 
Academic Press, 1973. . 

Olson, D.' R. ' cognitive developmentl JM '£jilldi& qcgulgl tion o£ 
d ^iagonal itv .' New York.: Academic Press, 1970. 

Olson, D. R. On a theory of instruction: Why different forms of 

Instruction result ' In s 1ml 1 ar. knowl ed&e. J ntgrphanse, 1972, 
2/ 9-2U. . 

Olson, D. R. Toward a theory of instruction.' jducatipnal 
pqvrhologlst ,^ 1976, 12., l'*-35. 

o ; " ■ 18 ' ' * - 



Lgcas & Dl vAsta -17- Diagonal Ity |n Adults 



Olson^ D-. R., & Brun^r^ J. .S. Learning through experience' and 
learning throWh med I a . In D: R. dl son ( Ed-. 7, Msdia 
symbols ; The forms of express Ion, commup i ca t i on and 
education . Seventy-tlii rd yearbool< of ^e national Society 
for Studies irt Education (Part 1).^ Chicago: University 
of Chicago Preks/ 197i». 

Plagety.J. Biology and knowledge . Chicag6: University of 
Chicago Press^ 1971^ ' 

\$a'lomon^ G. Jnternalizatlon of filmic schematic operations In 
Interaction with 1 earners apt I tudes . Journgl o£ 
Fducatlonal Psychology , 197l»^ M/ '♦99-511. 



i 

YOUR IWVE.., 



1 WIN!! I 





B 




ii b)lN!!! 




Fiqure 1. Typical game ^splays: After 'four rounds ■ 
ve??ical loss-vector (B) , plane diagonal loss-vector 
3-D diagonal loss-vector (D) . . ^ 
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Orientation of Loss-vectors 



Figure 2. Percentage of Toss^vectors in^^each orientation: Expected 
• by chance and obtained. - ^-.V' ' J ' 




Trials ^ ' , ' ' 

Figure 3. Mean number of moves of»high spatial, subjects 
under three t&ceatment canditio^is and two block trials. 
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Summary Table for Analysis of fiance 
of Diagon^ty Scores for Totai Design 




Source 

. Betv/eon Subjects 

Treatments (T) 
Spatial Ability" (SA) 

I" . 

T X SA 

> ."^ 
Error Between 

Within Subjects 

—IT-- T 

Trials. (TR)i- 

X TR • ■ 

SA X TR' 

' T X SA X TR 

Error VJithin • 



df ' 




0 




2 ■ 


2.Q3 


4 


. ■■ ■ .38 


45 


, .76- 






1 


1 '.85 


2 


.04 


2 


.02 


' 4 


.95 






*45 


1.01 



TABLE 2 



Summary Table for Analysis of Variance 
"of Number of tloves for Total Design 



•f 



\- / ' ■ 




MS 

* \ 


F 

■ 


Prob. 




Betwi^en Subjects 


• 










/ Treatments (T) \ • ^ * " 


2 


, 6.58 


.62 


if 


• 


/ * ^ , . 
Spatial Ability ■ (SA) 


. 2 


33.92 


3.22, 


.049 


- 


/ T X SA • . * 
/ / Error Between ^ 


' 4 ' 


18.-89 


1.79 


.14.7 . 




45 


10.54 






r 


?4thin Subjects'. 












Trials (TR) 


1 . 


16.02 


3.65- 


.063 


' s 


T X TR ' 


12 


3.9^ 


.89 






' SA X TR 


2 


4.76 


. 1.08 


.34r ' 




• 

T X SA x'TR 


4 . 


12.32^ , 


: 2.80 


' .037 




Er^ror Within 

« . t • 


45 


4^39 

f - 
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TABJiE 3 t 

Sui4ary Table for Analysis of Variance of Number o^ Iloves ^ 
for -three Levels o.f Spatial Ability and Two Blocks of Trials, 
•, at Three Levels of" Treatment ■ 




Sour 06 ^ . 



Modeling w - • . ■ Practice 
df MS F Prob.. df ns 



Control 
Prob>) df . MS 



Proi?. 



V 

Between Subjects 








i 




\ 






3.'64 




Spatial Ability 2 
(SA) 


16.03 


1.52 


.230 


2 


17.23 


1.53 .207 


' . ^2 


'38.44' > 


'.UJ4 


Error Between -'45 
Within Subjects 


10.54 








































Trials (TR) 1- 


• .004 


.001 




^ 1 


9.4,0 


2. 14^ ..150 


1 


14; 44 


t.29 


.076 < 


♦ SA X TR - 2 


19.26 


4.39' 


.018' 


' 2 


.•^5.79 


.1.31 .280 


2 


4.36. 


.99 




Error Within 45^ 


4.39 


♦ 


>• 

\ 

\ 


45 


4,^39 

k 

y ^ 




^ '45 


4.39 


1 





Note: Error terms are those of , the complet^^sTrgn. 
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TABLE 4 

Multiple Comparison of Mean NCunber of Moves of Subjects 
in Mgdeling Condition at Three Levels of 
Spatial Ability and Two Blocks ,6f Trials , 




Trials 



l^irst 
Half 

N-K* 



Second 
Ualf 

N-K* 
* 



Low Spatials 
Mean N-K* . 



Medium Spatials 
Mean , II-K* 



High Spatials 
Mean N-K* 



16.20. 



1'6.40 



17.26 



18.27 

/ 



20.40 



; ■ 



■17^54 



♦Brackets indicate non-significant differences between means 
at the 05 level as determined by the Newman-Keuls Test. 
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TABLE 5 ' 

♦ 

Multiple Coraparison of Mean lJumber of Moves of Subjects 
,in Practice and Control Conditions: Siiople !lain 
Effects of S]?atial Ability and Blocks of Trials 



Practice Group 
Spatial Ability 



Trials 



Condition 


Mean U 


-K* 


Block 


Mean 




Low 


15.57 




First 


16.40 




Mediiom 


. 17.30 




Second 


17.42 


< 




. 1j7.83 






A 








, Control 
Spatial Ability ' 


Group 


Trials 




Condition 
2 


Mean 




Block 

""v ■ ■■ 


Mean 





Lpw, 
High 



15.93 
15.93 



First 
Second 



16.33 
17.60 



Medium 19.03 



♦Brackets indicat^e non-rsignif icant differences among means 
at the .05 level as determined by the lle^vrman-Keuls Test. 
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' . . TABLE 6 

SuiTunary Table for Analysis of Variance^ of Number of Moves 
for Three Treatment Groups and Two Blocks of Trials, 
at Three Levels of Spatial Ability 



Source 



Low Spatials 
df MS f", Prob. 



Between S ubjects . 

■ " ■ 

Treatments (T) 2 4.27' .40 - ■ 

Error Between 45 10.54 
Within Subjects 

' ' Trials (TR) l" 4.5*6 1.04 .313. 

. T X TR 2 5.61 1.28 .288 

Error. Within 45 4,39 



. Medium Spatials High 3patials^ 

df - MS F ^rob. di MS F 

2 11.79 l.l9 .314 ^ ' 2 .28.30 2'.69" 
45 ^10.54 , 45 10.54^ 



Prob. 



..079 



1 13.94 3.18' 

2 .99 .26 
45 4.39 ' 



,081 ^ 1, .04 .01 
•2 21.96 5.00 
45 ' 4.39 ' 



.011 



llot&t Error terr.is are those of the complete design. 
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TABLE 7 



Multiple Comparison of Mean Number of Moves of High Spatial 
Subjects Under Three Treatment Conditions • 
and Two Blocks of Trials . 





3 

Xontrol 


Practice 


Modeling 


Trials " 


Mean N-^C* 


Mean N-K* 


Mean N-K* 


First 
Half 

N-K* 


15.87 




V ■ 

16.60 


» 

20 An 






• 




Second- 
Half ' 


'16.00 




19.14 


17.54 . 



■r 




♦Brackets indicate non-significant differences among means at the 
'level as determined by the Nevnnan-Keuls Test. 
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APPENDIX 



tKB^mS OF liEANS AND STANDARD DEVIATIONS 
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~ TAfeLE.S 








Means ahd Standard Deviations: 
•Diagonality' {iaaaure — Pooled Across Trials 

* 4 


• 














t 


■ - Spatiality Scores 


Pooled Across 




Condition 


High , 
n=6 


Medium 
n«=6 


Low 
n=6 


n«18 . 






Mean • SD 


Mean SD 


Mean SD 


Mean SD 




Control v 


2.07 .73 • 


2.36 1.00 ^ ■ 


2.59 1.26 


• 2.34 1.04 ^ 




Mjpideling 


1.97 .99 


2.52 .85 


2.11 ■ 1.77 


2.20 "^1.29 




Practice 


1.86 ■.'99 


2.29 1.91 


2.41 '1'.07 


2.18 1.41 


L. 


Pooled 
Across 
Treatments 


1.97 .92 


2.39 1.34 


2.37 1.41 




- ; 


V 

\ 

\ 

1 
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TABLE 9 

Means and Standard Deviations: 
Number of Moves in Modeling Condition 



[Block of 
Trials 



High 
n=6 



Spatiality Scbres 



Mean SD 



Medium 
Meto SEi " Mean SD 



Lovr 
n=6 



Poole 
Spatial 
n=18 



3d Across 
iality^S/ 



tores 



Mean SD 



First 

Second 

Pooled 
Across 
Trials 



20.40 3.5'C> 
17.53 3.-40 



16.40 1.97 16.20 3.42' 17.67 3.61 
18.27.2.20 17.27 1.87 . 17.69 2.64 



^18.97 2.65 17.33 1.66 ' 16.73 2.42 



% 
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TABLE 10 

Means and standard "Deviations: 
Number of Moves in Practice Condition 



Block of 
Trials 



Pooled 
Across 
Trials * 



■ Splatialitv Scofej 
IgE I Medium 
sfi n=6 



Hi 
n=6 



""^ Pooled Across ^ 

lSw Spatiality Scores 




17.87 t.B2 17.30 3.36 15.57 2.32 



lW.40 ,2.51 
17.42 3.48 
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^■^ TABLE 11 

\ .Means and Standard Deviations: 
Number of Moves in Control Condition 



High 
n=6 



Spatiality Scores 



Mean SD 



Medium 
Mean SD 



\ 



I Low 

n=6* 



Pooled Across . 
Spatiality Score 
n=18 



Mean SD" 



Mean SD 



/ - * 



15.87 1.15 18.47 2.43 14.67 1.85 
16.00 2.96 r9.60 2.13. 17.20 3. 80 



16.33 2.4^ 

i 

17.60 3.39 



15.93 1.6lJ 19.03'l/79 15.93 2.44 
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